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BACKGROUND OF THE INVENTION 



A, 



Field of the Invention 



This invention relates to power chip resistors. More 
specifically the invention relates to an improved power chip 
resistor with increased power dissipation in a small package. 



Power resistors, chip resistors, and power chip 
resistors have numerous applications in electronic circuits 
including limiting current. The problem of limiting current 
or otherwise using a power chip resistor is sometimes in 
conflict with the amount of board space that can be allocated 
for the resistor. In order to increase the power dissipation 
of a chip resistor, the size of the resistor is increased. 
As electronic devices continue to decrease in size, board 
space and the need to reduce board space increases. Thus 
there is a problem in using a power chip resistor when there 
is limited board space. 

Some attempts have been made at stacking chip resistors. 
A stacked chip resistor would reduce the amount of board 
space required as the size of the resistor would increase 
vertically. These attempts have created additional problems. 

One such problem is that these attempts have used epoxy 
or other resins or polymers as an adhesive to physically 
connect each chip resistor in the stack. Epoxy is widely 



B. 



Problems in the Art 



• 



used as an adhesive in the art but has certain qualities that 
make it ineffective for stacking power chip resistors. In 
particular, long term use of epoxy or other polymers in a 
power chip resistor may result in an electrical instability 
effect over time due to the effects of resistive heating. 

Another problem relates to the use of solder at the 
terminals of a stacked chip resistor. The magnitude of the 
resistive heating can be so great, particularly in high 
wattage power chip resistors, that when stacked, the solder 
melts. Because solder would melt, the power chip resistor 
would not be compatible with standard manufacturing practices 
and methods concerning population of components on a circuit 
board. In particular, standard flowing processes could not 
be used as the power chip resistor would not be flow 
solderable. Thus any accommodation of a power chip resistor 
into a circuit design would involve additional manufacturing 
costs . 

It is therefore an objective of the present invention to 
provide an apparatus and method of making a power chip 
resistor that improves upon the state of the art . 

It is a further objective of the present invention to 
provide a power chip resistor and method of making a power 
chip resistor that permits a power chip resistor to be made 
that requires reduced circuit board space. 

It is a further objective of the present invention to 
provide a power chip resistor and method of making a power 
chip resistor that provide the capability of increased power 
dissipation . 

It is a further objective of the present invention to 
provide a power chip resistor and method of making a power 
chip resistor that provide for stacking power chip resistors. 

It is a further objective of the present invention to 
provide a power chip resistor and method of making a power 
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chip resistor that provides for a resistor with a higher 
power rating . 

It is a further objective of the present invention to 
provide a power chip resistor capable of use at high 
voltages . 

It is a further objective of the present invention to 
provide a power chip resistor that may be surface mounted. 

It is a further objective of the present invention to 
provide a power chip resistor that is stable over time. 

It is a further objective of the present invention to 
provide a power chip resistor that does not melt a solder 
connection . 

It is a further objective of the present invention to 
provide a power chip resistor that uses a thick film 
resistant element . 

It is a further objective of the present invention to 
provide a power chip resistor that is flow solderable. 

It is a further objective of the present invention to 
provide a power chip resistor that reduces manufacturing 
costs . 

These and other objectives will become apparent from the 
following description. 



SUMMARY OF THE INVENTION 



The following disclosure describes a power chip resistor 
that is capable of requiring reduced board space and 
increased power dissipation. The invention provides for the 
stacking of a number of chip resistors in order to construct 
a power chip resistor with increased power dissipation while 
not needing to increase the amount of board space occupied by 
the resistor. The invention uses an inert encapsulant such 
as glass to separate power chip resistors and uses a plating 
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on the ends of the power chip resistor such as nickel so that 
solder will not melt. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is an exploded view of the power chip resistor 
of the present invention having a stack of two chip 
resistors . 

Figure 2 is a diagram of the power chip resistor of the 
present invention having a stack of two chip resistors 

Figure 3 is a diagram of the power chip resistor of the 
present invention having a stack of three chip resistors. 

Figure 4 is a diagram of the power chip resistor of the 
present invention having a stack of four chip resistors. 

DETAILED DESCRIPTION OF AN EXEMPLARY EMBODIMENT 

f FigureXl is a diagram showing an exploded view of the 

power chip r^istor of the present invention. In Figure 1, 
two chip resi^ors 10 are shown. Each power chip may be of 

\^ an internation^ly standard size although the present 

invention contenWates custom sizes as well. Each chip 
resistor is a thi\k film power chip resistor. The thick film 
power chip resisto^ has a resistive element 12 . This 
resistive element isv a thick film resistive element and 
preferably is ruthenrum oxide. The thick film resistor 
preferably has an alurAna substrate. The present invention 
is not limited to the particular type of film resistor and 
the present invention contemplates that other types of 
material may be used for lii^e resistive element and for the 
substrate . 
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Each power chip resistor 10 also has electrical 
terminals or end caps 14. The terminals or end caps are of 
palladium silver or other conductor or metal or metal alloy 
that is known in the art. 

Between each power chip resistor 10 is a layer of glass 
frit 16. The present invention contemplates that an 
encapsulant such as glass or other inert material may be 
used. The encapsulant provides the advantage of insulating 
the power chip resistor 10 without concern for long term 
instability such as may be caused by resistive heating. 

Figure 2 best shows a stacked power chip resistor 20 of 
the present invention. Once the power chip resistors 10 have 
the layer of encapsulant 16 in place, a nickel barrier 18 is 
used. The nickel barrier plates the end caps 14. The nickel 
barrier provides for both electrical and mechanical 
connection of the power chip resistors within the stack. The 
nickel plating is conductive so that the nickel plating 
ensures electrical connections between the corresponding 
terminals of each power chip resistor that is stacked. Each 
power chip resistor in the stack is electrically in parallel 
with the other power chip resistors in the stack. The nickel 
plating also serves to mechanically bond together the power 
chip resistors in the stack so that there is mechanical 
stability even though epoxy or other adhesive is not used. 

Nickel is preferred due to its high specific heat 
capacity. The high specific heat capacity of the nickel 
plating allows additional heat to be absorbed by the stacked 
power chip resistor and leads to higher power ratings. The 
present invention contemplates that other conductors with 
high specific heat capacity could be used as suggested by the 
particular application and specifications for a particular 
use. The use of nickel instead of solder precludes melting 
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of the plating and end caps at higher temperatures and higher 
power levels . 

As shown in Figure 3, the present invention contemplates 
variations in the number of power chip resistors that are 
stacked. Figure 3 shows a triple stack power chip resistor 
22 . Figure 4 shows a quadruple stacked power chip resistor 
24. By increasing the number of power chip resistors that 
are stacked, the size of the stacked power chip resistor 
increases without requiring additional board space. This 
increase in size also increases the amount of heat that can 
be dissipated by the power chip resistor and thus increases 
the power range of the resistor. This increase in power 
range is approximately proportional to the increase in size 
of the power chip resistor. 

When stacked, the size of the stacked power chip 
resistor need only change in thickness. Thus for example, in 
one standard size used in surface mount components, the 
length of the power chip resistor is 0.250 inches as measured 
from barrier to barrier. The width of the stacked power chip 
resistor is 0.056 inches and the thickness of the stacked 
power chip resistor is dependent upon the number of power 
chip resistors in the stack. Thus a double stack resistor 
would have a thickness of 0.056 inches, a triple stack would 
have a thickness of 0.085 inches, and a quadruple stack would 
have a thickness of 0.114 inches. These sizes are given by 
way of example only, to show that the amount of board space 
required is independent of whether the stacked power chip 
resistor is double stacked, triple stacked, or quadruple 
stacked. The present invention contemplates any size such as 
may be an international standard or that may be a custom 
size . 

The present invention also contemplates operation over a 
wide range of resistance ranges, power ranges, and voltage 
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ratings and is in no way limited by the particular choice of 
these specifications, as these specifications may be 
suggested by a particular environment or use. 

Thus, an apparatus and method for a power chip resistor 
has been disclosed. It will be readily apparent to those 
skilled in the art that the present invention fully 
contemplates variations in the stacking of multiple power 
chip resistors, the choice of materials, and other 
modifications in the present invention. 
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